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Past, present and future of DIS

lepton—proton scattering facilities
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Physics at high densities at the LHeC
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Transition regime to high parton density
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Saturation boundary needs to be determined by experiment

HERA data consistent with very low Qs 2 < 1 QeV2
Partonic/perturbative interpretation uncertain s — €

Gluon density can increase by: decreasing x and/or increasing A



Strategy for making target more ‘black’

1 A
Saturation scale: Q3 ~ A°Qj (E)
Two-pronged approach
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EIC sensitivity to saturation scale
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X
EIC sensitive to perturbative saturation region in scattering with heavy nuclei.
Shown: median b-impact parameter.
Exclusive processes can be sensitive to different b. 2
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LHeC/FCC-eh: Small x
machines. Obvious extension of
the kinematic reach at FCC-
(electron-hadron)

Higher electron energy
reduces small x region unless
detector acceptance is larger.

Similarly for eA mode: very
small x domain in eA.



LHeC constraints on gluon

; Kinematic coverage
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Saturation: structure functions

|dea: generate pseudodata with/without saturation, fit with DGLAP and
look for differences.
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structure functi

Saturation

based LHeC pseudo-data (PDF4LHC15)

DGLAP

Distribution of pre-fit and post-fit values of

X2/ndat

Fit done with model used to generate
pseudodata: very good agreement
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Saturation: structure functions

Saturation LHeC pseudo-data (for x < 10'4)
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Saturation: structure functions

Post-fit results to LHeC (500 pseudo-experiments)
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Zoom into post-fit distribution

Can still tell apart between DGLAP and
saturation pseudodata

DGLAP cannot completely fit away
saturation effects, if they are present at
LHeC below x<10-4

Comments: will strongly depend on
model and range of x and Q where the
modifications are present

More pronounced at FCC

Can perform similar exercise with nuclear
structure functions

Other observables: charm and
longitudinal structure function
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Longitudinal structure function

Q*x do

Ira?v, dwdcE = O = Fal @) — f(y)  Fu(e, Q%) = By

(1 — [ (y) &

1+ R

)

y = Q%/sz.

0.6 Longitudinal structure function: important
0.5 - constraint on the gluon
04 . .
Challenging experimentally: vary energy,
—~ 03 F .
N FL small, systematics
5: 02 i 5 2 PR T 3 2 - AT |
LE' oq L FL o Q " =2.5GeV - Q " =85GeV
03 - 03 ‘
oF - ¢ t I
_01 — -1 o =
§ Data 0.1 0.1
—0.2 | ] N . 10° x 107 ’ u;"‘ 16“ X
101 02 103 B ‘
Q* [GeV}] F, oj Q *=35Gev ° ki Q *=200Gev
04+ 04
03 ' 03
SR TY * : [ 9
0.2 0.2 ; L
0.1 + 0.1 N’W *
Ep,=7 TeV, Ee=60,30,20 GeV : l 1
10" 107 x 10" 10" 107 x
03 : SR TR a3 Z s 2 I
Luminosity: 10,1, 1 fb- FLOA» @ e VI
03~ 03 m <H1>
Correlated and uncorrelated systematics 02 02 S
0.1 g 3 g
AR EE X’ . IEXTY
%0° x10° Yo 107 X 14



Structure functions at EIC

EIC: structure function simulations in eA
Pseudodata simulated with EPS09, very high precision data for eA
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Diffraction

Q%+ M2 —t
L@:W) SR =g
\

momentum fraction of
the Pomeron w.r.t

hadron
(B) 8 = Q* momentum fraction
P( (M,) Q2+ M2 —t of Earton W.I.t
omeron
/ L —
X — X
(Xp) Bj 3
p &/_J P Theoretical description of such process is in terms
(t) color-less exchange : the Pomeron.

For large scales the QCD factorization was shown.

What can be done at an EIC/LHeC/FCC-eh?

* Tests of factorization of diffractive parton distributions (ep and eA).
e Sensitivity and relation to saturation physics (smaller scales involved).
e Study relation between diffraction in ep and shadowing in eA.
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Q? [GeV?]

Phase space: LHeC, FCC-eh,EIC

y X (M)

E, = 60 GeV

LHeG £ — 7 Tev vs. HERA

— Xxmin down by factor ~20
— Q2. up by factor ~100

FCC- Ep = 50TeVvs.7TeV

108 107 106 105 104 103 102 101 — Xmin down by factor ~10
X = BE — Q3. up by factor ~10

For the EIC: better than HERA coverage of the large x region
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(B,Q2) fixed €

LHeC phase space
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EIC: Pomeron/Reggeon decomposition

Pomeron, Reggeon, F,, F; components of 0,4

P, R, F2, F_ contributions to o;gq for 275 x 18 GeV (SJ)
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x; < 0.6 required for the determination of subleading “Reggeon” term.
Some intermediate beam energy settings needed for F; measurements.
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Higher twists in diffraction

Motyka, Sadzikowski, Slominski

Diffractive data at HERA cannot be

described by DGLAP at low Q2

Higher twists 4 and 6 evaluated from

the dipole saturation model

Improves the quality of the fit
significantly

Largest effect at low Q2 and small €

Indication for large higher twists

Questions for EIC/LHeC/FCC-eh:

how would that change with different

A and energy?
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"b--Sat"dipolescatteringa.mplitu.dewithr=lGe\f1

Exclusive diffraction

dipole amplitude and GPDs

interaction.

® t-dependence : impact parameter profile

of X.

v'p=>Jhpp

e Exclusive diffractive production of VM : extracting the

e Suitable process for estimating the ‘blackness’ of the

1.0 —
I Unitarity limit: N(x,r,b) =1 1
0.8F - .
206
iy | 2 | <—— Central black
> : :
> 0.4 region growing
_ figure | with decrease
from C. Weiss.)
0.2 / 6
0 % Q% = 0.05 GeV?
5l
Large momentum transfer t probes small impact parameter & ]
where the density of interaction region is most dense. s

BK with b-dependence

HERA data compared with nonlinear evolution simulations

102
W (GeV)
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Exclusive diffraction on nuclei

Possibility of using the same principle to learn about the gluon distribution in the nucleus.
Possible nuclear resonances at small t?
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incoherent - saturation (bSat)

fLdt =10 fb" /A
1<Q2<10 GeV2
X < 0.01

IN(edecay)l <4
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3*3"”.

dG(e +Au—e’ +Au’ + J/LIJ)/d.t (nb/GeVZ)
do® AU e +AU A 4t (nb/GeV?)

, 10 = IED I. DD
= " s O
1 ; I B - = . I... ™
§ T%? 1 §_ .l--lD.EhE| ...-- D':\:b
- ] ¥ - | .*h ¢$
1 i — T
107 & 10T I||'i"|"|"|'1I
- Jhy S
10-2_||||||||||||||||||||||||||||||||||| 10-2_|||||||||||||||||||||||||||||||||||
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0 0.02 0.04 0.06 0.08 0.1 012 0.14 0.16 0.18
It (GeV2) It (GeV2)
4 )

t-dependence: for nuclei dips. Position depends on model (sat no sat)
Challenges: need to distinguish between coherent and incoherent
diffraction. Need dedicated instrumentation, zero degree calorimeter.
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Armesto-Rezaeian

do/dt (nb/GeV’)

Y +p—> Jp+p

0 HI: W_=100 GeV, Q'=0.05 GeV" :
107§ O HI:40<W_<110 GeV, <Q’>=0.1 GeV" |
oF L
10
N\
AL \ _:.
(1R p— IP-Sat (Saturation) \
o = h-CGC (Saturation) \ / ~—
4F — IP-Sat (1-Pomeron) |/ b
10 ||
mc=l.27 GeVY 1
SF 1 R L . |
10 1 2 3 4
Itl [GeV7]

do/dt (nb/GeV")
=

Dips in t-profile for VM production

Saturation, W\{p: 1TeV, Q2= 10 GeV’
_— Saturation, W‘”J =1TeV,Q=0
w— Saturation, va =5TeV,Q=0

1-Pomeron, w‘(p =1TeV, Q2=10 GeV2
= = 1-Pomeron, W\{p =1TeV,Q=0
— — 1-Pomeron, W\{p: STeV,Q=0

itl [GeV]

* t-dependence is a Fourier transform of the impact

parameter profile

* characteristic dips as a feature of saturation

* position of dips depends on energy and scale
* within the LHeC sensitive t-range
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Summary

Novel QCD phenomena expected at high parton density.

Can reach this regime either by increasing A or decreasing x.

Proton and nuclear structure functions and PDFs can provide the test of these effects.

Quantifying possible deviations from DGLAP evolution.

FL measurement would greatly improve the prospects of constraining higher twists
and saturation. Importance of heavy quark measurements.

Diffraction, both inclusive and exclusive offers unique window to saturation physics.
Relation between diffraction and shadowing. Inclusive data at HERA point to higher
twists in this process. EIC can disentangle Reggeon/Pomeron contribution.

Exclusive diffraction on of the best ways to perform the nucleon/nucleus tomography.
VM elastic diffractive production; dips in t as a sign of parton saturation.

Incoherent diffraction as a probe of the fluctuation of the gluon density.

Azimuthal (de)correlations, sensitivity to the intrinsic transverse momentum of the
gluon in the low x (or high A) regime. Ridge, collective phenomena at ep/eA?

Importance of low x dynamics to ultrahigh cosmic ray and neutrino physics (Auger,
ICECUBE)
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